Cellular organelles have a characteristic size, shape and a morphologically 3 distinguishable sub-domain organization [1] [2] [3] [4] [5] [6] . Such sub-domains are distinct in protein 4 and lipid composition and provide the microenvironment necessary for coordinated 5 biochemical reactions. For example, early endosomes partition cargo molecules with 6 different intracellular fates into distinct sub-domains. Recycling cargo such as antibodies and the binding of gold-conjugated probes is hampered by steric hindrance 1 and electron repulsion 21, 22 . Some cargo, such as Tfn, may be coupled to colloidal gold 2 particles, which can then be internalized by cells prior to fixation. However, association 3 of a ligand with a gold particle may reduce its internalization efficiency due to steric 4 hindrance. Moreover, coupling to gold may alter the normal intracellular pathway of 5 ligands, as in the case of the Tfn-gold probe, which was observed not to recycle 23 . 6 Therefore, colloidal gold-conjugated probes often results in sparse signal in EM, making 7 it difficult to draw definite conclusions on the sub-compartmental organization of 8 organelles. Alternatively, protein tags that can be visualized by EM are available, but 9 can be applied to only one protein at a time and lead to a diffuse signal with low On the other hand, fluorescence labelling approaches are versatile and range from However, despite the improved resolution of SMLM over conventional light microscopy,
it is often necessary to visualize the organelle ultrastructure to draw conclusions.
4
Correlative light electron microscopy (CLEM) approaches deploying SMLM can be used
to investigate the localization of proteins at the nanoscale in the context of the 2 6
ultrastructural reference space [33] [34] [35] [36] . Yet, single-molecule based CLEM approaches have mostly been limited to one high-resolved colour, either a fluorescent protein or an 2 8 organic dye. This is largely due to the difficulty of combining multiple photo-switchable 2 9 markers in a single CLEM workflow with SMLM imaging constraints 29, 30, [37] [38] [39] . Although 3 0 some dual-colour SMLM based CLEM approaches have been reported 40, 41 , they have never been applied to structurally frail structures like endosomes, which are susceptible 1 to ultrastructural damage. 
Results

1
Characterization of the experimental cell model 2
Previous studies provided evidence that Rab5 and other Rab proteins, are 3 compartmentalized on endosomal membranes 15, 18 . We therefore aimed to apply triple-4 colour SMLM to further investigate its sub-endosomal localization relative to Tfn and 5 EGF, as cargo markers of the recycling and degrading routes, respectively. Because Rab5c close to endogenous levels, we generated a HeLa BAC cell line 42 . Three distinct 1 3
populations of cells were sorted based on their levels of expression, i.e. "low", "mid" and 1 4
"high". The percentage of tagged-to-endogenous Rab5c protein was assessed by the total amount of Rab5c protein, respectively. . To exclude them, we first quantified the trafficking kinetics of Tfn and EGF 2 0 during a pulse-chase experiment. The uptake of these cargo molecules was measured 2 1 based on the number and fluorescence intensity of vesicles using quantitative multi-
parametric image analysis (QMPIA), as previously reported 43, 44 . The "high" population of throughout the cell as endogenous Rab5. In cells incubated with Tfn-AF568 and EGF-AF647 for 15 min, we observed triple- Dronpa-Rab5c cells (Suppl. Figure S1 ).
and EGF signals could be mapped to the lumen of the central vesicle by EM analysis.
1
However, in contrast to EGF that was concentrated in domains as described above,
2
LDL exhibited a rather disperse pattern, which is consistent with the release from its 3 receptor into the lumen
50
. We identified a number of ILVs within the globular part of the 4 endosome, but only a fraction could be associated to the EGF SMLM signal (Suppl.
5 Figure S6 ). Those ILVs most likely contain a distinct set of endocytosed membrane 6 proteins that are destined for degradation. Furthermore, we performed SMLM on 7
Tokuyasu sections with consistent localization patterns of all three cargo molecules 8 compared to the superCLEM data set (Suppl. Figure S11) 9
Finally, we applied triple colour superCLEM to determine the localization of Rab5c Figure S12D ). Expectedly Rab5c domains did not exhibit particular ultrastructural largely coincided with the limiting membrane of the central vesicle (Figure 7 B,E; Suppl.
1 8 Figure S12B ,E). The analysis also showed that multiple Dronpa-Rab5c domains can be 1 9 mapped to the same early endosome. In our superCLEM data sets we could also find 2 0 instances, where Dronpa-Rab5c domains were located close to Tfn tubular bundles 2 1 (Figure 7 B, Suppl. Figure S12B ). and Rab5c (Dronpa, cyan). Due to significantly reduced background and out of focus signal, the detection efficiency and quality is improved compared to whole cell SMLM. and coloured magenta in the ultrastructural model. Scalebar: 250 nm. reconstructed from double-axis tilt series. Colours used in models represent: (grey) were sorted using a FACS Aria sorter. HeLa Kyoto were lysed using ice-cold lysis buffer (50 mM Tris, pH 7.5, 1% NP-40, 0.1% 2 0
Na-deoxycholate, 150 mM NaCl, 1 mM EDTA + 1X Phosphatase Inhibitor Cocktail). For
Western blotting equal amounts of HeLa cell extracts (10 µg) were subjected to SDS- onto nitrocellulose membranes, and subsequently incubated with primary antibodies.
4
Rab5c was detected using a a rabbit primary antibody directed against Rab5c (Sigma 2 5
HPA003426-100UL, 1/1000) was incubated with the membrane overnight at 4°C and, after washing with PBS-Tween buffer, incubated with an anti-rabbit HRP-conjugated FBS-free media was added to the wells for one hour. CO 2 -independent medium was 7 added to the wells for one more hour. Then at given time-points, the pulse solution (Tfn- and conditions were tested in triplicates to yield 24 images per condition.
9
Image analysis was carried out using the lab custom built software Motion Tracking. Coverslips were washed overnight with Hellmanex and then at least 3 times rinsed with
water before they were stored in absolute ethanol. Before use, the ultra-clean coverslips 2 4 (#1.5) (11 or 24 mm in diameter) were again intensively washed with water, dried and seeded onto the coverslips at a desired density.
8
Depending on the application cells were exposed to a 15 min uptake of the ligand Alexa-488 dye for 1 hour at 25°C. To stop the reaction glycine was added for 10 min at
RT and the labelled LDL was dialyzed then overnight against 5 L of PBS+50 mM 1 2 ascorbic acid. After repurification through the same gradient as above the LDL-
Atto/Alexa 488 was twice dialyzed ON as before. Structural illumination microscopy 1 6
For SIM, cells were imaged with a 60x, NA 1.42 oil objective on a Deltavision OMX v4 wavelength specific OTFs specific for the mounting media. Single-Molecule Localization-Micoscopy 2 7
Image stack acquisition was performed with a Nikon Eclipse Ti microscope equipped objective together with a 1.5X post-magnification lens was used to achieve an optical 3 0 pixel size of 104 nm. All measurements were performed with an active perfect focus
control. In case of whole cell imaging a HILO illumination scheme was applied, whereas 1 TIRF was utilized when imaging Tokuyasu sections. Typical acquisition parameters 2 were 15-30 ms integration time per frame and 10000-30000 (647 nm), 20000-60000 3 (561 nm) and 5000-25000 (488 nm) acquisition frames total.
4
Although plain GFP is not widely used in SMLM it has been reported to exhibit intrinsic 5 photo-switching upon 488 nm excitation and was applied to resolve nuclear patterns , 1997; Gunkel et al., 2009) . We therefore used it as a control reference 7 for SMLM in case of superCLEM. All raw image stacks were processed with rapidSTORM 3.2. For Tokuyasu sections the
FWHM was restricted to typically 250 -450 nm since no out of focus signal is expected,
whereas for whole cell experiments the FWHM was typically restricted to 250 -650 nm.
3
Standard amplitude thresholds were set to 3000 (AF647), 1500 (AF568) and 450
(Dronpa, GFP) photons respectively. A framewise linear lateral drift correction was
applied to localization sets and images were rendered in rapidSTORM to 10 nm lateral 1 6
pixel size. In case of Rab5c, a post-localization median filter with 0-1 pixel radius was 1 7
applied to reduce monomeric cytosolic signal.
8
The colour-channel overlay was performed either based on the bacterial fiducial 1 9 markers or, in case of whole cell imaging, unambiguous endosomal structures (e.g.
0
densely labelled, ring like features). 
Morphological analysis of endosomal domains 2 3
We selected the combined signals from cargo and Rab5 to approximate the total 2 4 endosomal area without ultrastructural confirmation. We therefore performed a simple blurr with a radius of two pixel was applied to the multi-colour image before standard 2 7
auto-thresholding (IsoData). The overall area was derived from the standard particle 2 8
analysis including missing holes in the structure with a lower area threshold of 4 square-
pixel. To quantify number and size of Rab5 domains, the Rab5 channel was analysed 3 0
separately from the overall signal with a consistent workflow. Domain diameters were (Diatome, Switzerland) were used to trim a block and make 300-600 nm semi-thin For imaging a section deposited on a cover slip, the cover slip was clamped into an 2 9 imaging chamber, which was then filled with water to dissolve a drop of 3 0 methylcellulose/sucrose protecting the section from dehydration during storage. Next, was clamped into an imaging chamber and the chamber was filled with SMLM buffer.
7
The EM grid was transferred onto a cover slip in such a way that a side with a section 8 was facing the cover slip. Only gentle force was used to push the grid against the cover 9 slip, since during subsequent retrieval of an EM grid, we experienced difficulties with 1 0 preservation of a formvar film when grids were tightly attached to a cover slip. Right after SMLM acquisition, the imaging chamber was disassembled. The coverslip
mounted with the EM grid was transferred to dH 2 O. Carefully, the grid was removed in a drop of 15-nm colloidal gold (Aurion, the Netherlands) for 2 min, to allow adsorption 1 7
of gold fiducials onto both sides of the grid. After two more washes in dH 2 O, the back of 1 8
the grid was carefully dried from the side using a small piece of filter paper and then the 1 9
grid was floated on a drop of 0.2% uranyl acetate and 1.8% methyl cellulose for 5 min, 2 0 on ice. The grid was looped out and air-dried. Electron tomography, reconstruction and registration
Double-axis tilt-series (-60 / +60 degrees) were acquired at 9,400x magnification on a 2 4
Tecnai F30 transmission electron microscope operated at 300kV, using an 2 5
UltraScan1000 CDD (2k x 2k) camera (Gatan, CA, USA) and the SerialEM software used for tomogram reconstruction (using the weighted back-projection algorithm) and compensate for the collapse along a z-axis during a step of methyl cellulose embedding 3 0
and drying of sections. as .mov files in the supplementary information. . 
